Performance Analysis of Efficient Energy Routing Protocols in MANET  by Divya, M. et al.
 Procedia Computer Science  57 ( 2015 )  890 – 897 
1877-0509 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the 3rd International Conference on Recent Trends in Computing 2015 (ICRTC-2015)
doi: 10.1016/j.procs.2015.07.504 
ScienceDirect
Available online at www.sciencedirect.com
2015 International Conference on Recent Trends in Computing (ICRTC 2015) 
Performance Analysis of Efficient Energy Routing Protocols in 
MANET 
Divya Ma, Dr S Subasreeb*, Dr N K Sakthivela,b 
a Student, CSE, NCERC, Thrissur 680588, India 
b Head of the Department,, CSE, NCERC, Thrissur 680588, India 
a,bVice Principal, NCERC, Thrissur 680588, India  
Abstract 
The rapid evolution in the field of mobile computing is driving a new alternative way in which mobile devices form a self-
creating, self-administering and self-organizing wireless networks called Mobile Ad hoc Networks (MANETs). In MANET, 
the aware of power heterogeneity is an important technical challenging problem to increase the energy efficiency of each 
node. The mobile nodes in MANETs have different transmission power and power heterogeneity. This paper analyzes the 
performance evaluation of three Efficient Energy Routing Protocols such as EPAR (Efficient Power Aware Routing 
Protocol), MTPR (Minimum total Transmission Power Routing) and DSR (Dynamic Source Routing). The Efficient Power 
Aware Routing protocol (EPAR) mainly considers the node capacity by its remaining battery power and the expected 
energy spent for forwarding data packets reliably. EPAR uses mini- max formulation method for the selection of the route   
that has maximum packet delivery ratio at the smallest Residual Battery Power. With different network scenarios, EPAR is 
dominating in terms of Residual Battery Power, Power Consumption, Network lifetime and Throughput with respect to 
time and routed data packets.  
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1. Introduction 
Wireless network is one of the types of data communication network that utilizes wireless connections for 
connecting devices for exchanging information. Wireless network technology avoids the expensive method of 
the installations of cables for the data connection between devices within various locations. Radio networks and 
Wi-Fi local networks are two of the examples of wireless networks. There exists two main classification of 
wireless networks; infrastructure and infrastructure less wireless networks. In the former, the data 
communications are created and maintained through access points or routers. An example of this type of 
network is cellular networks. The latter type is basically known as Ad hoc networks. In such a network where 
stations are capable of created by themselves and exchanging information between them in a multi-hop style 
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without the fixed infrastructure. Such an infrastructure less property of the network can be easily adapt in a 
given location. 
Mobile Ad hoc Network (MANET) is a self-configuring, self-organizing, dynamic and multi-hop wireless 
ad hoc network. MANET may contain a large number of mobile nodes9. This type of network doesn’t require 
any fixed infrastructure. In such a network, the computing devices are maintaining network connectivity 
cooperatively. The transmission of information across the network occurs as relaying of data packets from one 
station to another station. Nodes of these types of networks work as routers which discover and maintain the 
routes from one node to other node within the network. In such networks, nodes can be able to move from one 
location to another and make synchronization with their neighbor nodes. Due to the mobility of nodes, topology 
in the network can change dynamically8 and nodes can be added and removed at any time in the network.  
Efficient utilization of energy is one of the major problems in mobile ad hoc networks in which nodes in the 
network based on restricted battery power and computational resource.  
The energy efficiency of the routing protocol depends on the complexity of the routing process and the other 
activities. In some cases, the route discovery process in MANET involves the frequent broadcasts of route-
request packets to the neighboring nodes. So this will results the excess energy consumption. An energy 
efficient protocol algorithm can be applied to any one of the existing reactive routing protocols and make the 
protocol more efficient. MANET helps to forward information as data packets from one device to another 
device in the absence of a base station. In such situations like battlefield operations, rescue and search 
operations in disaster area require a network will be created on-the-fly. Suddenly creating a mobile ad hoc 
network can be looks like the scenario of creating a bucket-chain method during the fire. 
  
Nomenclature 
MANETs Mobile Ad Hoc Networks  
DSR  Dynamic Source Routing 
MTPR  Minimum total Transmission Power Routing 
EPAR  Energy Power Aware Routing  
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2. Related Works 
The process of routing in MANET deals with the matter of searching and maintaining exact routes to 
destination with dynamic topology. The route may consume more energy. The efficient utilization of energy 
will increase the network lifespan. The Quality of Service (QoS) based on Power Aware Routing Protocol    
(Q-PAR)3 selects an end-to-end path that satisfies energy stable QoS constraint and the bandwidth constraint of 
the application. Q-PAR is able to find the required path with lesser network overheads. This would increase the 
networks lifetime for small networks, improvement in the packet delivery ratio and a low average end-to-end 
delay. Moreover in route repair mechanism was able to discover an alternate path. In most of the cases, it 
would increase the network lifetime although delayed the repair and reconstruction of the route. 
Mobile Ad hoc Network is deployed in a given location where infrastructural facilities such as access points 
and routers do not exist or have been destroyed due to natural calamities. For the conservation of power, there 
is one mechanism to create variable transmission range4,6 of nodes in network. The transmission range is 
varying based on the position of the nodes in MANET. If the node has no neighbors in the network then it takes 
the value of the transmission range as maximum. If the node has sufficient number of neighbor nodes in the 
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network then it takes the value of a transmission range as a particular distance between the nodes. This 
indicates that if variable transmission range is employed then the network lifespan will increase. The untethered 
node in mobile ad hoc networks strongly based on the proper use of their battery power. The drain rate foresees 
the lifetime of nodes based on the current traffic situations. The minimum Drain Rate improves nodal battery 
lifespan5, the duration of paths and thereby increase the network lifetime. This method is basically a power 
aware route selection algorithm which can be applied on any MANET routing protocol for a route discovery 
component. 
3. Performance Analysis  
The significant technical challenge in MANET is to ensure the lifetime of the network. This is because the 
network nodes have limited in battery power. These characteristics indicate restrictions on the connectivity 
between nodes and packet transmission efficiency within the network. Apart from these characteristics, the 
most critical problem is downed node due to the network partition. Since the conservation of energy, the 
battery lifespan maximization is an important thing. For this, energy efficient routing algorithms should be 
applied instead of the conventional routing algorithm. The most widely routes in the network use more battery 
energy, so that sudden depletion will occur. For the conservation of battery energy of nodes within the network, 
there are different types of power aware routing algorithms and mechanisms exist.  
3.1 Dynamic Source Routing 
The Dynamic Source Routing, DSR1-2, is a reactive, on-demand, energy routing protocol. Using on-demand 
driven routing process, routes are established only if the source node desires. Two important steps of DSR are 
route discovery and router maintenance in the network. In the former, the source node sending route request 
packets to its neighbors and so on. When the route request packet arrives at the destination node, it will send 
back a route reply packet to the source node in one direction through the neighbor node from which it first 
accepted the route-request packet. After the creation of the required route, route maintenance process keeps in 
each node’s route-cache which is an internal data structure. 
The demerits of DSR are it doesn’t support multicasting and doesn’t save energy. The data packet header of 
DSR contain all the intermediate node address, source and destination address and thereby decreasing the 
throughput. In DSR, there exist multiple routes from source to destination node because the destination node 
responds route reply packet via all routes.  At the same time the routing packet increases the load of the 
network. So the routing increases packet storm. In DSR the speed of the nodes in Mobile Ad Hoc Network 
should be moderate and the diameter of the mobile ad hoc network should not be too larger. DSR doesn’t 
contain any route prioritization or invalidation mechanism for the selection of multiple routes. Due to the high 
mobility of nodes in MANET results stale route cache entries of individual nodes. 
3.2. Minimum total Transmission Power Routing 
Minimum total Transmission Power Routing, MTPR1 is a reactive, on-demand, energy routing protocol 
which tries to discover a path that has minimum total transmission power. This protocol scales network with 
distance between the nodes, depending on environmental conditions. The path selected from source to 
destination using MTPR routing strategy. It calculates its network efficiency with the presence of mobile nodes 
which have lesser residual battery power. First of all calculate the whole transmission power of all routes and 
will select optimized path with more hops than any other energy routing algorithms. In MTPR, consider the 
route L= no, n1, n2... nd,  then the total transmission power in route L can be calculated as the equation (1); 
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Pt = σ ܲሺௗ௜ୀଵ ni, ni+1) ׊ nodes ni Ԗ L                                                                                                         (1) 
 
The power of a particular node k can be calculated using the equation (2); 
 
Pk = min (Pt)                                                                                                                                                                    (2) 
 
The disadvantages of MTPR are it mainly depends on interference and bit error ratio during the data 
transmission. It will increase end-to-end delay and doesn’t focus the network lifetime of each node directly. If 
the available routes are always through a particular node then the residual battery power will be depleted 
suddenly. MTPR mechanism uses the total energy consumed to send or forward the data packets along the 
route. In this method, MTPR reduces the total consumed transmission power per data packet.  
3.3. Efficient Power Aware Routing   
Efficient Power Aware Routing, EPAR1 is a reactive routing protocol that utilizes battery lifetime properly 
and thereby increase the MANET lifespan. Compared to conventional power aware routing algorithms, EPAR 
identifies the node capacity not only by its battery power, but also by the energy lost over a specific link. EPAR 
selects the optimal path10 with maximum number of neighboring nodes using mini-max formulation. EPAR 
also considers the concept of the traffic density factor for the improvement of the packet delivery ratio. This 
scheme thus reduces the total variance in the residual battery power of each node with dynamic topology. This 
is the aim of the EPAR protocol. The total power can be calculated in terms of mini-max formulation using this 
equation (3); 
 
௞ሺ݇ሻTk(t) = ௜஫௞ሺ݇ሻሺሻ          (3) 
 
The consumed power can be calculated using the equation (4); 
 
Ec = σ ܶሺ௞௜ୀଵ ni, ni+1)           (4) 
 
For the large size mobile ad hoc networks, due to high mobility of nodes and changing the network topology 
dynamically7 will increase the overload message within network. This will increase topology maintenance 
thereby increasing the network overhead. Such type of network topology is suffering longer end-to-end delay 
and takes greater number of hops within the network.  
4. Network Performance Metrics for Energy Routing Protocol Efficiency 
In MANET, the calculation of the efficiency of the energy routing protocol depends on the various network 
performance metrics.  
4.1. Residual battery power 
The performance analysis of power aware routing protocol with respect to power is the total number of 
routed data packets by each node in MANET versus the residual battery power of that node is considered as the 
performance metric. The residual battery power of a particular node k can be calculated using the equation (5); 
 
Residual Battery power of a node k = σ ݌݋ݓ݁ݎ݋݂݊݋݀݁݇ܽݐݐ݅݉݁ݐ௞       (5) 
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4.2. Power consumption 
In MANET, the consumption of battery power occurs because of sending or forwarding and receiving of 
data packets. If a node remains active in the network then it utilizing power. If the node is in sleepy mode or 
idle mode in network then the battery power starts depletion process. The consumed battery power means that 
the power spent for the calculations of routing table maintenance and other routing decisions by nodes. The 
consumed power can be calculated using the equation (6); 
 
Power consumption of a node k = Total Power - σ ݌݋ݓ݁ݎ݋݂݊݋݀݁݇ܽݐݐ݅݉݁ݐ௞                                             (6) 
 
The total power of node can be calculated using the equation (7); 
 
Total Power = σ ݁݊݁ݎ݃ݕ݋݂݊݋݀݁݇ܽݐݐ݅݉݁ݐ௞          (7) 
 
The number of packet versus battery power considered as a network performance metric. 
 
4.3. Network lifetime  
The MANET should not function properly due to either the event of the single mobile node or a group of 
mobile nodes are destroyed. It will suffer the total network efficiency. If the residual battery power in all 
mobile nodes in MANET is high then the network lifespan will increase. 
4.4. Throughput  
Network throughput is the average rate of successful data packets delivery over a data communication 
channel across the network. The throughput can be calculated either in bits per second or data packets per 
second. Throughput indicates that how much data can be transferred from one location to another location in a 
particular duration. 
5. Results and Discussion  
Simulations of the Mobile Ad Hoc Network were setup using NS-2.29. The simulated Mobile Ad Hoc 
Network contains 50 nodes scattered in a random way point in a 1500x300 area at the beginning. The mobility 
scenarios of the nodes created using setdest tool. In the simulation are the nodes were moving from one 
location to another with uniform speed of 20m/s and seven different pause times are ranging from 0 to 60s. 
Table 1 shows the simulation parameter values for the performance evaluation of the routing protocols. These 
were programmed using the tool command language EPAR.tcl, MTPR.tcl and DSR.tcl with the following 
simulation parameters. 
    Table 1. Simulation Parameters  
Simulation Parameters Values  
Number of nodes 50  
Area size 1500x300  
Mobility model Random way point  
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Traffic  type CBR  
Packet size 512B  
Queue size 50  
Bandwidth 2Mbps  
Routing protocol EPAR, MTPR, DSR  
Initial Energy 100J  
Communication system MAC/IEEE 802.11  
Maximum packet size 10000  
 
Fig. 1. Shows the screenshot of the simulation setup of EPAR power aware routing protocol in MANET. 
NAM window consists of 50 nodes. All nodes are moving because this network is Mobile Ad hoc Network. 
Node 1 acts as sender and node 2 acts as receiver. Since these protocols are reactive routing protocol, so node 1 
is broadcasting data packets through the wireless medium. 
Fig. 2. Shows the consumed power performance metric of MANETs using EPAR and MTPR. In the routing 
protocol DSR, nodes in networks are not saving energy. So the network performance metrics such as residual 
battery power, power consumption and network lifetime does not focus on DSR protocol. After sending three 
thousand data packets the MTPR consumes 82% of the power but in the case of EPAR consumes only 48%. So 
EPAR is having good performance efficiency. 
Fig. 3. Shows the residual battery power performance metric of MANETs using EPAR and MTPR. The 
initial battery power of node is 100Joules. During the simulation of MANET, after sending three thousand data 
packets the residual battery power decreases significantly. In terms of MTPR the power goes to 18%, but in 
terms of EPAR the power goes to 52%. So the residual battery power is more in EPAR compared with MTPR. 
So EPAR is dominating with MTPR. 
Fig. 4. Shows the network lifetime performance metric of MANETs using EPAR and MTPR. At the end of 
the simulation the Power of EPAR becomes 52% and in the case of MTPR becomes 18%. So the network 
lifetime of EPAR is more than that of MTPR. 
Fig. 5. (a) and fig. 5. (b) Showing the throughput performance metric of MANETs using EPAR, MTPR and 
DSR in terms of simulation time and routed data packets. Throughput calculated in terms of number of packets 
versus simulation time with respect to energy modules. Since the routing protocol DSR does not save any 
energy. So the throughput of DSR calculated in terms of number of packets versus simulation time only. 
Table 2. Shows the throughput calculation with respect to simulation time, during the simulation time of 65s 
DSR is sending 180 packets without any energy level, MTPR is sending 430 packets and EPAR is sending 480 
packets. But throughput of MTPR and EPAR calculated with respect to the maximum energy level of 50Joules. 
So the throughput of EPAR will increase suddenly and thereby increase the sending of data packets of almost 
2000 packets in the simulation time of 75s. So the performance of EPAR is very good compared with MTPR 
and DSR.  
 In the throughput calculation with routed data packets, for sending 230 data packets EPAR is taking 20s, 
MTPR is taking 25s and DSR is taking 75s. In this case also the performance of EPAR is excellent compared 
with MTPR and DSR.  
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Fig. 1. Screenshot of EPAR power aware routing protocol in MANET; Fig. 2. Power Consumption 
 
 
     
 
Fig. 3. Residual Battery Power; Fig. 4. Network lifetime 
 
    
 
Fig. 5. (a) Throughput in terms of time; (b) Throughput in terms of routed data packets 
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Table 2. Shows the throughput of three power aware routing protocol at 65s and for 230 routed packets. 
               Table 2. Throughput 
Throughput Number of packets at 65s Simulation time (in s)  for 230 packets 
EPAR 480  20 
MTPR 420 25 
DSR 180 75 
6. Conclusion and Future work 
This research paper basically focuses with the issue of improving network lifespan. This study has analyzed 
the performance efficiency comparison of EPAR, MTPR and DSR. During the analysis, the performance of 
these three energy efficient routing protocols with respect to Residual Battery Power, Power Consumption, 
Network lifetime and Throughput have been evaluated. The total analysis shows that the performance of EPAR 
is excellent. So we presented the original solution of EPAR which is dominating in all different network 
scenarios. From the various xgraphs, the results of this algorithm have outstanding performance than the 
traditional energy efficient algorithm in a clear way. So the EPAR algorithm outperforms the MTPR and DSR 
routing algorithms. However, if we increase the network size the performance of EPAR become complex and 
network overhead will increase. In order to overcome this problem of EPAR, we are going to implement 
clustering mechanism which will improve the performance in terms of Residual Battery Power, Power 
Consumption, Network lifetime and Throughput in terms of simulation time and routed data packets. 
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